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2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

This chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
chl or odi br omonet hane and bronoform Its purpose is to present |evels of
significant exposure for chlorodi brononet hane and bronof orm based on
t oxi col ogi cal studi es, epidemn ol ogical investigations, and environnental
exposure data. This information is presented to provide public health
of ficials, physicians, toxicologists, and other Interested individuals
and groups with (1) an overall perspective of the toxicol ogy of
chl or odi br ononet hane and bronof orm and (2) a depiction of significant
exposure | evel s associated with various adverse health effects.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons
[iving or working near hazardous waste sites, the data in this section
are organi zed first by route of exposure -- inhalation, oral, and dernal
-- and then by health effect -- death, system c, imunol ogical
neur ol ogi cal , devel opnental, reproductive, genotoxic, and carci nogenic
effects. These data are discussed in ternms of three exposure periods --
acute, intermediate, and chronic.

Level s of significant exposure for each exposure route and
duration (for which data exist) are presented in tables and illustrated
in figures. The points in the figures showi ng no-observed-adverse-effect
| evel s (NOAELs) or | owest-observed-adverse-effect |evels (LOAELS)
refl ect the actual doses (levels of exposure) used in the studies.
LQOAELs have been classified into "l ess serious" or "serious" effects.
These distinctions are intended to help the users of the docunent
identify the | evels of exposure at which adverse health effects start to
appear, determi ne whether or not the intensity of the effects varies
w th dose and/or duration, and place into perspective the possible
significance of these effects to hunan health.

The significance of the exposure | evels shown on the tables and
figures may differ depending on the user's perspective. For exanple,
physi ci ans concerned with the interpretation of clinical findings in
exposed persons or with the identification of persons with the potentia
to devel op such disease nay be interested in |evels of exposure
associ ated with "serious" effects. Public health officials and project
managers concerned with response actions at Superfund sites nay want
i nfornmation on | evel s of exposure associated with nore subtle effects in
humans or ani mal s (LOAELS) or exposure |evels bel ow which no adverse
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ef fects (NOAELs) have been observed. Estimates of |evels posing mninma
risk to humans (M niml Ri sk Levels, MRLs) are of interest to health
professionals and citizens alike. For certain chenicals, |evels of
exposure associated with carcinogenic effects nay be indicated in the
figures. These levels reflect the actual doses associated with the tunor
i nci dences reported in the studies cited. Because cancer effects could
exposure levels, the figures al so show esti nmated excess risks, ranging
froma risk of one in 10,000 to one in 10,000,000 (10* to 10"), as

devel oped by EPA

Esti mates of exposure levels posing mninmal risk to humans (MRLS)
have been made, where data were believed reliable, for the nost
sensi tive noncancer end point for each exposure duration. MRLs include
adjustnments to reflect hunan variability and, where appropriate, the
uncertainty of extrapolating fromlaboratory ani mal data to hunans.
Al t hough nethods have been established to derive these |evels (Barnes
et al. 1987; EPA 1989), uncertainties are associated with the
t echni ques.

2.2.1 Inhal ati on Exposure

No studies were |ocated regarding health effects of

chl or odi bronmonet hane or bromoformin humans foll owi ng inhal ation
exposure. In aninmals, no studies were |ocated regarding effects of

chl or odi bromonet hane, but linited data are avail able from several ol der
studies on the effects of inhalation exposure to bromoform These
studi es are di scussed bel ow

2.2.1.1 Death

I nhal ation of very high concentrations (56,000 or 84,000 ppm of
br onof orm vapor for 1 hour has been reported to cause death in dogs
(Merzbach 1928). The chief synptonms noted were initial excitation
foll owed by deep sedation. This indicates that central nervous system
depression is probably the chief cause of death in such acute exposures.
Because only two animals were used (one ani mal per dose) and only high
doses were administered, these data do not provide a reliable estimte
of the mnimumlethal concentration in dogs or other aninal species.

2.2.1.2 Systenic Effects

Hepatic and Renal Effects. Only two studies (Dykan 1962; Dykan
1964) were | ocated on the systenic inhalation toxicity of bronmoform
These studi es (published in Russia and available only as the English
abstract) indicate that inhal ati on exposure of animals to high
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concentrations of bronoformleads to hepatic and renal injury. Exposure
of rats to 240 ppm of bronoformfor 10 days resulted in dystrophic and
vascul ar changes in both liver and kidney, with altered renal filtration
and hepatic netabolism (Dykan 1964). Longer-term exposure (two nont hs)
to concentrations of 24 ppmal so |ead to hepatic changes (decreased

bl ood clotting and i npaired gl ycogenesis) and renal injury (proteinuria
and decreased creatinine clearance) (Dykan 1962). A concentration of
4.8 ppmwas estimted to be without significant effects on |iver and

ki dney (Dykan 1964). These changes in liver and ki dney appear to
resenmbl e the changes produced after oral exposure to bronmoform (see
Section 2.2.2.2), indicating that bronoform produces simlar systemc
ef fects by either route of exposure.

O her Systenmic Effects. No studies were |ocated regarding other
System c effects (respiratory, cardi ovascul ar, gastrointestinal
hemat ol ogi cal , nuscul oskel etal, dernal/ocular) in animls or hunans
foll owi ng inhal ati on exposure to chl orodi brononet hane or bronof orm

2.2.1.3 I mmunol ogi cal Effects

No studi es were | ocated regardi ng i munol ogi cal effects in humans
or animals after inhalation exposure to chlorodi brononet hane or
br omof or m

2.2.1.4 Neurological Effects

I nhal ati on exposure to high levels (29,000 ppm or above) of

br onmof orm has been observed to |ead to rapid and profound depression of
the central nervous systemin dogs (G aham 1915; Merzbach 1928). This
is presumably due to a nonspecific anesthetic effect simlar to that
produced by various other volatile hal ocarbons. Cbvious clinical signs
i ncl uded deep rel axati on and sedati on (Merzbach 1928). dinical signs
of nervous system depression appeared quickly (within mnutes), and
tended to disappear within a day after exposure ceased (G aham 1915).

No studies were |ocated regarding the follow ng effects in humans
or animals after inhalation exposure to chlorodi brononet hane or
br omof or m
2.2.1.5 Devel opnental Effects
2.2.1.6 Reproductive Effects
2.2.1.7 CGenotoxic Effects

2.2.1.8 Cancer
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2.2.2 Oral Exposure

Most infornmation on the health effects of chlorodi brononet hane and

br onof orm conmes from studies in aninmals (rats and mce) exposed by the
oral route. For bromoform there are some observations in humans
stemm ng fromthe past use of bronmbformas a sedative, but no studies
were | ocated on the effect of chlorodi bromonet hane i n humans. Sunmari es
of studies that provide reliable quantitative toxicity data are
presented in Table 2-1 and Figure 2-1 for chlorodi brononet hane and in
Table 2-2 and Figure 2-2 for bronoform The main conclusions fromthese
studi es are di scussed bel ow.

2.2.2.1 Death

In the early part of this century, bronoformwas often given as a
sedative to children suffering fromwhoopi ng cough, and several deaths
due to accidental overdoses have been described (Dwelle 1903; Kobert
1906; Roth 1904 as cited in von Cettingen 1955). The principal clinica
signs in fatal cases were those of severe central nervous system
depressi on (unconsci ousness, stupor, and | oss of reflexes), and death
was generally the result of respiratory failure (von Cettingen 1955).

If death could be averted, recovery was generally conplete within
several days (Benson et al. 1907; Burton-Fanning 1901; Kobert 1906).

The dose needed to cause death in children is not known wth
certainty, but both Dwnelle (1903) and Roth (1904) estinated that a dose
of about 5 g had been fatal. For a 10 to 20-kg child, this corresponds
to a dose of around 250 to 500 ng/kg.

In animal studies, estimates of the acute oral LD, for
chl or odi br onmonet hane and bronoformtypically range between 800 and
1,600 ng/ kg (Bownan et al. 1978; Chu et al. 1982a). Single oral doses
as low as 300 to 600 ng/kg can cause death in a few aninmals (NTP 1985,
1988), quite close to the estimated | ethal dose in humans (above).
Doses bel ow 250 ng/ kg usually do not cause death in aninmals, even when
exposure is continued for 14 to 90 days (Condie et al. 1983; Minson
et al. 1982; NTP 1985, 1988).

The cause of death followi ng acute oral exposure of animals has
not been thoroughly investigated, but as in humans, the chief clinica
signs observed are those of central nervous system depression (Bowran et
al. 1978). While central nervous system depression probably is an
i mportant factor in acute lethality, in some cases death did not occur
until several days after an acute exposure (Bowran et al. 1978; NTP
1985, 1988). This suggests that other effects (e.g., hepatic and/or rena
injury) may also be inportant (see Section 2.2.2.2). This is supported



TABLE 2-1. Levels of Significant Exposure to Chlorodibromomethane - Oral
Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat (G) 1d 1186 (LD50 male) Chu et al. 1982a
848 (LD50 female)
2 Rat (G) id 310 630 (1 of 10 died) RTP 1985
3 Rat (&) 14 d 250 500 (8 of 10 died) NTP 1985
1x/d
4 Rat (G) 14 1220 1840 (1/5 died) Hewitt et al.
2650 (LD50 male) 1983
5 Mouse (G) 1d 800 (LD50 males) Bowman et al.
1200 (LD50 females) 1978
6 Mouse (G) 14 160 310 (1 of 10 died) NTP 1985
7 Mouse (G) 14 d 250 5002 (7 of 10 died) NTP 1985
1x/d
Systemic
8 Rat (G) 14 d Renal 250 500 (darkened NTP 1985
1x/d medullae)
9 Rat (G) 1d Hepatic 2450 (incr. ser. Hewitt et al.
enz.) 1983
10 Rat (G) 14 Hepatic 1500 Chu et al. 1982a
{
11 Rat (G) 1d Renal 1500 Chu et al. 1982a
12 Rat (G) id Hepatic 1220 Plaa and Hewitt
1982a
13 Rat (G) 14 4 Hepatic 250 500 (mottled liver) NTP 1985

1x/d
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TABLE 2-1 (Continued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
14 Rat G) 14 Renal 2450 Hewitt et al.
1983
15 Mouse (G) 14 d Renal 37b (minimal histolog. Condie et al.
ix/d changes) 1983
16 Mouse (G) 14 4 Hepatic 37b (minimal histolog. Condie et al.
1x/d changes) 1983
17 Mouse (G) 14 d Hepatic 50 125 (incr. liver wt.) Munson et al.
1x/d 1982
18 Mouse (G) 14 4 Renal 250 500 (reddened NTP 1985
1x/d medullae)
19 Mouse (G) 14 d Gastro 60 125 (stomach nodules) NTP 1985
1x/d
20 Mouse (G) 14 4 Hepatic 250 500 (mottled liver) NTP 1985
1x/d
Immunological
21 Mouse (G) 14 d 50 125 (decr. Munson et al.
1x/d immunity) 1982
Neurological
22 Rat (G) 14 4 250 500 (lethargy, ataxia) NTP 1985
1x/d
23 Rat (G) 14 160 310 (lethargy) NTP 1985
24 Mouse (G) 14d 500 (sedation) Bowman et al.
1978
25 Mouse (G) 14 454 (EDSO, Balster and
coordination) Borzelleca 1982
26 Mouse (G) 14 d 250 500 (CNS depression) NTP 1985

ix/d
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TABLE 2-1

(Continued)

Exposure LOAEL (Fffect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg /kg /day) (mg/kg/day) (mg/kg/day) Reference
Developmental
27 Rat (G) 9d 200 Ruddick et al.
Gd 6-15 1983
INTERMEDIATE EXPOSURE
Death
28 Rat (G) 13 wk 125 250 (18 of 20 died) NTP 1985
5d fwk
29 Rat (W) 28 d 60 Chu et al. 1982a
30 Mouse (G) 13 wk 250 NTP 1985
5d/wk
Systemic
31 Rat (W) 28 4 Renal 60 Chu et al. 1982a
32 Rat (G) 13 wk Renal 125 250 (nephropathy) NTP 1985
5d/wk
33 Rat (W) 28 d Hepatic 60 Chu et al. 1982a
34 Rat (G) 13 wk Hepatic 30 (vacuolization) 250 (necrosis) NTP 1985
5d/wk
35 Mouse (G) 13 wk Renal 125 250€ (nephrosis) NTP 1985
5d/wk
36 Mouse (G) 13 wk Hepatic 125 250€¢ (vacuolar changes) NTP 1985
5d/wk
Neurological
37 Rat (G) 13 wk 250 NTP 1985

5d/wk
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TABLE 2-1 (Contimued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
38 Mouse (G) 13 wk 250 NTP 1985
5d/wk
39 Mouse (G) 30-90 d 100 400 (decr. operant Balster and
1x/d behavior) Borzelleca 1982
Developmental
40 Mouse (W) 2 gener- 685 Borzelleca and
tions Carchman 1982
(contin-~
uous )
Reproductive
41 Mouse (W) 2 gener- 170 685 (decr. fertility) Borzelleca and
tions Carchman 1982
(contin-
uous)
42 Mouse (G) 13 wk 250 NTP 1985
5d/wk
CHRONIC EXPOSURE
Systemic
43 Rat (G) 2 yr Renal 40d (nephrosis) NTP 1985
5d/wk
44 Rat (F) 1-2 yr Hepatic 44 (yellow, Tobe et al. 1982
enlarged liver)
45 Rat (G) 2 yr Hepatic 409 (fatty change) NTP 1985
5d/wk
46 Mouse (G) 105 wk Renal 50 (nephrosis) NTP 1985
5d/wk
47 Mouse (G) 105 wk Hepatic 50 (necrosis) NTP 1985

5d/wk
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TABLE 2-1 (Continued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Neurological
48 Rat (G) 2 yr 80 NTP 1985
5d/wk
49 Mouse (G) 105 wk 100 NTP 1985
5d/wk
Reproductive
50 Rat (G) 2 yr 80 NTP 1985
5d/wk
51 Mouse (G) 105 wk 100 NTP 1985
5d [wk
Cancer
52 Mouse (G) 105 wk 100 (liver tumors) NTP 1985
5d /wk

aConverted to an equivalent concentration of 2,600,000 ppb in water for presentation in Table 1-4.

bysed to derive acute oral MRL; dose divided by an uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation
from animals to humans, and 10 for human variability). Dose of 37 mg/kg/day also converted to an equivalent concentration
of 190,000 ppb in water for presentation in Table 1-4. MRL of 0.04 mg/kg/day converted to an equivalent concentration of
1,300 ppb in water for presentation in Table 1-3.

SConverted to an equivalent concentration of 1,300,000 ppb in water for presentation in Table 1-4.

dysed to calculate chronic oral MRL: Dose adjusted for intermittant exposure, and divided by an uncertainty factor of
1,000 (10 for use of a LOAEL, 10 for extrapolation from animals to humans, and 10 for human variability). Dose of 40 mg/kg/day
also converted to an equivalent concentration of 290,000 ppb in water for presentation in Table 1-4. MRL of 0.03 mg/kg/day
converted to an equivalent concentration of 1,000 ppb in water for presentation in Table 1-3.

€Converted to an equivalent concentration of 880,000 ppb in food for presentation in Table 1-4.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; mg = milligram; kg = kilograms;

G = gavage; d = day; LDgqg = lethal dose, 50% mortality; et al. = and others; x = time; incr. = increased; ser. = serum;

enz = enzymes; histolog. = histological; wt. = weight; decr. = decreased; EDg5y = dose at which 50% of the maximal effect occurs;
CNS = central nervous system; Gd = gestation day; wk = week; W = water; yr = year; F = feed.
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TABLE 2-2. Levels of Significant Exposure to Bromoform - Oral
Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Human 1d 270 Dwelle 1903
2 Rat (G) 1d 1388 (LD50 males) Chu et al. 1982a
1147 (LD50 females)
3 Rat (G) 14d 500 1000 (6 of 10 died) NTP 1988
4 Rat (G) 14 d 200 4002 (1 of 10 died) NTP 1988
1x/d
5 Mouse (G) 1d 1400 (LD50 males) Bowman et al.
1550 (LD50 females) 1978
6 Mouse (G) 1d 250 500 (1 of 10 died) NTP 1988
7 Mouse (G) 14 d 289 Condie et al.
1x/d 1983
8 Mouse (G) 14 d 400 NTP 1988
1x/d
9 Mouse (G) 14 4 250 Munson et al.
1x/d 1982
Systemic
10 Rat (G) 1d Hepatic 765 1071 (histolog. Chu et al. 1982a
changes)
11 Rat (G) 1d Hepatic 1440 Plaa and Hewitt
1982a
12 Rat (G) 1d Renal 1500 Chu et al. 1982a
13 Rat (G) l14d Hepatic 29 Klingensmith and
Mehendale 1981
14 Rat (G) 1d Hepatic 1000 (altered enzymes) Moody and

Smuckler 1986
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TABLE 2-2

(Continued)

Exposure LOAEL (Fffect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
i5 Mouse (G) i4 d Renal 72 145 (minimal histolog. Condie et al.
1x/d changes) 1983
16 Mouse (G) 14 d Gastro 200 400 (stom. nodules) NTP 1988
1x/d
17 Mouse (G) 14 d Hepatic 145 (histolog. Condie et al.
1x/d changes) 1983
18 Mouse (G) 14 4 Hepatic 50 125b (incr. liver wt.) Munson et al.
ix/d 1982
Immunological
19 Mouse (G) 14 4 125 250 (decr. Munson et al.
1x/d immunity) 1982
Neurological
20 Human 1d 60¢ (sedation) 270 (severe CNS depr.) Dwelle 1903
21 Mouse (G) 14 4 600 (ataxia) NTP 1988
1x/d
22 Mouse (@) 1d 431 (ED5O0, Balster and
coordination) Borzelleca 1982
23 Mouse (G) 14 1000 (sedation) Bowman et al.
1978
Developmental
24 Rat (G) 9d 50 100 (skeletal anom.) Ruddick et al.
Gd 6-15 1983
INTERMEDIATE EXPOSURE
Death
25 Rat (G) 13 wk 200 NTP 1988
5d/wk
26 Rat (W) 28 d 70 Chu et al. 1982a
27 Mouse (G) 13 wk 400 NTP 1988

5d/wk
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TABLE 2-2 (Continued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Systemic
28 Rat (W) 28 d Renal 70 Chu et al. 1982a
29 Rat (W) 28 d Hepatic 70 Chu et al. 1982a
30 Rat (G) 13 wk Hepatic 50 (wvacuolization) NTP 1988
5d/wk
31 Mouse (G) 13 wk Hepatic 100 200 (vacuolization) NTP 1988
5d/wk
Neurological
32 Rat (G) 13 wk 100 (lethargy) NTP 1988
5d/wk
33 Mouse (G) 13 wk 400 NTP 1988
5d/wk
34 Mouse (G) 30-90 d 9.2 100 (decr. operant Balster and
1x/d behavior) Borzelleca 1982
Reproductive
35 Mouse (G) 105 d 200 NTP 1989
1x/{d
CHRONIC EXPOSURE
Systemic
36 Rat (G) 103 wk Hepatic 1004 (inflammation, NTP 1988
5d/wk fatty change)
37 Rat (G) 103 wk Gastro 100 (ulcer) NTP 1988
5d/wk
38 Rat (F) 1-2 yr Hepatic 20¢€ 80:E (yellow, Tobe et al. 1982
enlarged liver)
39 Mouse (G) 103 wk Gastro 50 (hyperplasia) NTP 1988

5d/wk
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TABLE 2-2 (Continued)

Exposure LOAEL (Effect)
Figure Frequency/ NOAEL Less Serious Serious
Key Species Route Duration Effect (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
40 Mouse (G) 103 wk Hepatic 1008 (fatty change) NTP 1988
5d/wk
Neurological
41 Rat (G) 103 wk 200 NTP 1988
5d/wk
42 Mouse G) 103 wk 200 NTP 1988
5d/wk
Reproductive
43 Rat (G) 103 wk 200 NTP 1988
5d/wk
44 Mouse (G) 103 wk 200 NTP 1988
5d/wk
Cancer
45 Rat (G) 103 wk 200 (intestinal NTP 1988
5d/wk tumors)

8Converted to an equivalent concentration of 2,900,000 ppb in water for presentation in Table 1-4.

bConverted to an equivalent concentration of 660,000 ppb in water for presentation in Table 1-4.

CUsed to derive acute oral MRL; dose divided by an uncertainty factor of 100 (10 for use of a LOAEL, and 10 for human
variability). Dose of 60 mg/kg/day and MRL of 0.6 mg/kg/day converted to an equivalent concentrations of 2,100,000 and
21,000 ppb in water for presentation in Table 1-3.

Converted to an equivalent concentration of 530,000 ppb in water for presentation in Table 1-4.

€Used to derive chronic MRL; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans, and
10 for human variability). MRL of 0.2 mg/kg/day converted to an equivalent concentration of 6,900 ppb in water for
presentation in Table 1-3.

fConverted to an equivalent concentration of 1,600,000 ppb in food for presentation in Table 1-4.

LOAEL = lowest-observed-adverse-effect level:; NOAEL = no-observed-adverse-effect level; mg = milligram; kg = kilogram; d = day;
G = Gavage; LD5g = lethal dose, 50% mortality; x = time; histolog. = histological; Gastro = gastrointestinal; F = feed;

stom. = stomach; incr. = increased; wt. = weight; decr. = decreased; CNS = central nervous system; depr. = depression; ED5y = dose

at which 507 of the maximal effect occurs; Gd = gestation day; anom = anomaly; W = water; wk = week; yr = year.
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by observations in |long-term studies, where deaths in rats dosed with
250 ny/ kg/ day of chl orodi br ononet hane di d not occur until exposure had
continued for 8 to 10 weeks (NTP 1985).

2.2.2.2 Systemc Effects

Respiratory Effects. Histological exam nation of |arynx, trachea,
| ungs, and bronchi of rats and mi ce exposed to chl orodi br omonet hane (80
to 100 ng/ kg/ day) or bronoform (100 to 200 ny/ kg/day) by gavage for up
to two years reveal ed no evidence of adverse effects, except for an
i ncreased incidence of chronic inflanmation of the lungs in male rats
exposed to bronoform (NTP 1985, 1988). This inflanmmation was simlar in
appearance to that caused by a sial odacryoadenitis (SDA) virus
infection, and antibodies to rat SDA virus were detected in study
ani mal s. Thus, the inflammation observed was probably secondary to the
infection and was not a direct result of bronoform However, the
absence of synptons in control animals suggested that bronmoformtreated
rats nay have been nore susceptible to reinfection by the virus or
sl ower to recover (NTP 1988).

Car di ovascul ar Effects. Histol ogical exam nation of rats and mce
exposed to chl orodi bronoret hane or bronof orm by gavage for up to two
years reveal ed no evidence of adverse effects upon the heart (NTP 1985,
1988). Wile this indicates that cardiac tissue is not directly injured
by these chemicals, indirect effects on cardiovascul ar functions m ght
occur as a consequence of the central nervous system depressant activity
of these compounds (see Section 2.2.2.3). However, this has not been
st udi ed.

Gastrointestinal Effects. Effects of chlorodi bronmomet hane and
bronof orm on the gastrointestinal tract have not been widely studied,
but hi stol ogi cal exam nations of stonach and intestine fromrats and
nm ce exposed to these chemicals by gavage have been performed by NTP
(NTP 1985, 1988). In mce, raised nodul es were observed in the stonmach
followi ng 14 days exposure to 125 ng/ kg/day of chl orodi br ononet hane or
400 ng/ kg/ day of bromoform These nodul es were not observed in rats
exposed to chl orodi brononet hane for 14 days, and were not observed in
either rats or mice exposed to doses of 80 to 100 ng/kg/ day of
chl or odi br ononret hane or 100 to 200 ng/ kg/ day of bronoformfor 90 days to
2 years. The biological significance of these nodules is not
i mredi ately apparent, but it is likely that they are a response to a
direct irritant effect of the chenmicals on the gastric nucosa.

Anot her gastrointestinal effect of potential concern is the
occurrence of ulcers in the forestomach of nale rats exposed to 100 or
200 ny/ kg/ day of bronoformfor two years (NTP 1988). This effect was
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not observed in fenale rats or in mce exposed to bronoform although
nm ce exposed to bronoform di spl ayed a dose-dependent hyperpl asia of the
gl andul ar stonmach.

Wil e these observations clearly indicate that the stomach may be
af fected by chl orodi brononet hane and brombform it is possible that the
exposure regi men (bolus dosing, by gavage, in oil) leads to irritant
effects in the stomach that m ght not occur if exposure were continuous
at lower concentrations in food or drinking water. However, this has
not been investi gated.

Hemat ol ogi cal Effects. Several studies (Chu et al. 1982a, 1982b
Munson et al. 1982; Tobe et al. 1982) have investigated the
hemat ol ogi cal effects of oral exposure of rats and mice to
chl or odi br omronmet hane and bronmbform Wth the exceptions of sone minor
fluctuations in | ynphocyte count follow ng exposure to bronoform (Chu
et al. 1982a, 1982b), none of these studies detected any significant
ef fects of chl orodi brononmet hane or bronof orm on henogl obi n, hematocrit,
red bl ood cells, or white blood cells.

Muscul oskel etal Effects. None of the avail able studies on the oral
toxicity of chlorodi brononet hane or bronoform have reported effects on
t he muscul oskel etal system However, detailed el ectrophysiologic or
hi st opat hol ogi ¢ studies on these tissues have not been perforned.

Hepatic Effects. Nearly all studies of chlorodi bronmonet hane and
bronmoformtoxicity in rats and nmice indicate that the liver is a target
tissue for these chem cals. However, hepatic effects are usually not
severe, being characterized nost often by increased vacuolization, fat
accumul ation, increased |iver weight, and altered serumenzyne |evels.
Smal | changes of this sort have been detected in sone experinments
foll owi ng exposure for 2 to 13 weeks at doses as low as 30 to
50 ng/ kg/ day (Condie et al. 1983; NTP 1985; Tobe et al. 1982), and
hepatic effects are frequently reported after doses of 50 to
500 ny/ kg/day (Condie et al. 1983; Minson et al. 1982; NTP 1985, 1988).
Occasionally centrilobul ar necrosis may devel op (NTP 1985), but this is
rarely extensive.

Chl or odi br ononet hane and bronof or m appear to be of approxi mately
simlar hepatotoxicity (Condie et al. 1983; NTP 1985, 1988). Males tend
to be nore sensitive to chlorodi brononet hane and bronmoformthan femal es,
and mce tend to be nore sensitive than rats (NTP 1985, 1988), but these
di fferences also are not large. The basis for the variability between
chem cal s, species and sexes is probably related to differences in the
nmet abol i sm of these conmpounds (see Section 2.6), but this has not been
ri gorously established.
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Based on a LOAEL of 40 ny/kg/day for hepatic injury from

chl or odi br onmonet hane (NTP 1985), a chronic oral MRL of 0.03 ng/kg/ day
was cal cul ated as described in footnote d in Table 2-1. For bronmoform

a NOAEL val ue of 20 ng/kg/day (Tobe et al. 1982) was used to calculate a
chL?nic oral MRL of 0.2 ng/kg/day, as described in footnote c in

Tabl e 2-2.

Renal Effects. Histological studies performed by NTP (1985)
i ndi cate that oral exposure to chl orodi bronmonet hane can cause ki dney
injury in both rats and mce. The nedul | ae appear to be reddened in
both males and females after a single oral dose of 500 ng/kg, but this
dose was so high that 7 of 10 aninmals died. OF greater toxicol ogica
concern are effects on the nephron that devel op after internediate or
chroni c exposure to doses of 50 to 250 ng/ kg/day (NTP 1985). These
effects are usually nuch nore apparent in nmales than fermales, and are
characterized by tubul ar degeneration and mneralization |leading to
nephrosi s (NTP 1985). These histol ogical findings of nephrotoxicity are
supported by the kidney function studies of Condie et al. (1983), who
found that i1ngestion of chlorodi brononethane (37 to 147 ngy/ kg/ day) for
2 weeks by male mice tended to inpair uptake of para-am no hippuric acid
(PAH) in renal slices prepared from exposed ani mals. Based on a val ue
of 37 ng/kg/day, an acute oral MRL of 0.04 ng/kg/day was cal cul ated for
chl or odi br ononet hane, as described in footnote b in Table 2-1

Br onof orm al so has nephrotoxic potential. Condie et al. (1983)
noted mininmal to slight nephrosis and mesangi al hypertrophy in nale nice
exposed to repeated oral doses of 145 to 289 ng/ kg/day of bronoform
However, in contrast to the findings for chlorodi brononet hane (see
above), no significant histopathological effects were detected by NTP
(1988) in rats or mce exposed to doses up to 200 ng/ kg of bronoform for
two years. This suggests that bronoform nay be sonewhat |ess
nephrot oxi ¢ than chl orodi br ononet hane, but the data are too linmited to
draw a firm conclusion. The basis for the difference in nephrotoxicity
bet ween chl or odi br ononmet hane and br onof orm has not been thoroughly
studied, but is possibly related to differences in the renal netabolism
of these two conpounds.

Dermal / Ccul ar Effects. Histological studies of tissues fromrats
and mi ce exposed to chl orodi brononet hane or bronof orm by gavage for up
to two years revealed no treatnent-rel ated effects on skin or eyes (NTP
1985, 1988).

2.2.2.3 I mmunol ogi cal Effects
Only one study (Munson et al. 1982) has formally investigated the

ef fect of chl orodi brononet hane and bronof ormingestion on the i mune
system Exposure of mice to doses of 125 or 250 ny/ kg/day of
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chl or odi bromonet hane for 14 days | ead to decreases in several indices of
hunoral and cell-mediated i munity in both males and females. Simlar
effects were observed in nale mce exposed to 250 ng/ kg of bronoform
but no effects were noted in fenal es. These observations indicate that
several cell-types of the immune systemare affected by

chl or odi br ononet hane and bronmoform but the data do not reveal whether

t hese changes are acconpani ed by a significant decrease in i Mmune system
function (e.g., decreased resistance to infectious disease). In this
regard, it should be recalled that male rats exposed to bronoformfor
two years appeared to have decreased resistance to a comon vira

i nfection (NTP 1988), suggesting (but not proving) that bronmoform may
have I ed to functional inpairnment of the inmmune systemin these aninals.

2.2.2.4 Neur ol ogi cal Effects

Bot h chl or odi br onorret hane and bronoform |ike other volatile

hal ogenat ed hydrocarbons, can lead to nmarked central nervous system
depression. Because of this property, bronoformwas used as a sedative
inthe early part of this century. Doses of 1 to 2 drops (probably

about 15 to 20 ng/kg) given 3 to 6 tinmes per day usually produced
sedation (the ability to sleep) in children with whoopi ng cough (Burton-
Fanni ng 1901; Dwelle 1903). This dose (probably averagi ng around

60 ng/ kg/ day) has been used to cal cul ate an acute oral MEL for bronoform
of 0.6 ngy/kg/day, as described in footnote ¢ of Table 2-2. In mld
cases of accidental overdose, clinical signs included rapid breathing,
constricted pupils, and trenors; nore severe cases of overdose were
acconpani ed by a drunken-|ike stupor, cyanosis, shall ow breathing, and
erratic heart rate (Benson 1907; Kobert 1906). Doses producing these
effects could only be estinmated, but nost were probably in the range of
20 to 40 drops (correspondi ng to doses of about 150 to 300 ng/kg).

Very simlar effects on the nervous system are observed in aninals
exposed to bronoform or chlorodi brononmet hane. Acute signs such as
| abored breathing, ataxia, and sedation are generally observed only
after doses of 300 ng/ kg or above (Bal ster and Borzell eca 1982; Bownan
et al. 1978; NTP 1985, 1988). These effects appear quickly (w thin one
hour) and persist for a nunber of hours. Follow ng repeated exposure to
| ower doses, lethargy is the main effect (NTP 1988). It is not known
whet her hi gh doses of chl orodi brononet hane or bronmoform |l ead to any
hi st opat hol ogi cal changes in the brain, but internediate (13 week) or
chronic (2 year) exposure of rats and nmice to subanesthetic doses
produced no histol ogi cal changes in the brain (NTP 1985, 1988).

Bal ster and Borzel |l eca (1982) enployed a series of behavioral tests
to investigate the neurol ogical effects of chlorodi brononet hane and
bromoformin nice. Doses of 9 or 10 nyg/ kg/day for 90 days did not have
any significant effects on performance in tests of strength, activity,
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or coordi nation. Exposure to higher doses (100 or 400 ny/kg/day) for 30
to 90 days had no effect on passive avoi dance | earning, but did cause a
transi ent decrease in response rate in a test of operant behavior. It
shoul d be noted that a nunmber of aninmals receiving the high dose died
during the study.

These studi es suggest that the depressant effects of
chl or odi br omonet hane and bronof orm on the nervous system are probably
not acconpani ed by any | asting behavioral or histological alterations.

2.2.2.5 Devel opnental Effects

The devel opnmental effects of oral exposure to chlorodi brononmet hane

and bronof orm have not been extensively investigated, but limted data
suggest these chemicals have relatively low toxicity on the devel opi ng
fetus. Ruddick et al. (1983) dosed pregnant rats with up to

200 ny/ kg/ day of chl orodi br ononet hane or bronof orm during gestation. An
i ncreased inci dence of minor skeletal anomalies was noted at doses of
100 and 200 ng/ kg/ day of bronoform but no other significant
fetotoxicity or teratogenicity was detected. Borzelleca and Carchnan
(1982) exposed mce to 685 ng/kg/ day of chl orodi bronmonet hane in drinking
wat er for several generations and detected no significant effect on the
i nci dence of gross, skeletal, or soft-tissue anonalies.

2.2.2.6 Reproductive Effects

Chroni c exposure of rats and mice to chl orodi brononet hane (80 to
100 ng/ kg/ day) or bronoform (100 to 200 ng/ kg/ day) resulted in no
det ectabl e histological effects in reproductive tissues of nales
(testes, prostate, and sem nal vesicles) or females (ovaries, uterus,
and mamary gl and) (NTP 1985, 1988). In a detailed study of the effects
of bromoformon reproduction and fertility in nmale and fenmale nice
doses up to 200 ng/kg/ day had no significant effect (NTP 1989).

In contrast to these negative findings, fenale mce exposed to
chl or odi bromonet hane in drinking water at a hi gh dose (685 ny/ kg/ day)
experi enced a marked reduction in fertility, with significant decreases
inlitter size, gestational survival, postnatal survival, and postnata
body wei ght (Borzell eca and Carchman 1982). These affects may have been
due to narked maternal toxicity, as evidenced by decreased wei ght gain
enl arged and di scolored livers, and decreased survival. Exposure to
| ower doses (17 or 170 ny/ kg/day) resulted in occasional decreases in
one or nore of the reproductive paranmeters nonitored, but the effects
were not |large and were not clearly dose-rel ated. These data are not
sufficient to draw firm concl usi ons about the effects of
chl or odi br omonet hane on reproduction, but it appears that reproductive
tissues and functions are not markedly inpaired at doses that do not
cause frank nmaternal toxicity.
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2.2.2.7 Genotoxic Effects

No studi es were | ocated regardi ng genotoxic effects of
chl or odi br onmonet hane or bromoform in humans exposed by the oral route.
Mori noto and Koi zunmi (1983) found an increased frequency of sister
chromatid exchange in bone marrow cells frommce given oral doses of
25 to 250 ng/ kg/ day of chl orodi brononet hane or bronoform for four days.
QO her in vivo and in vitro studies on the genotoxicity of
chl or odi br omonet hane and bronoform are presented and discussed in
Section 2.4.

2.2.2.8 Cancer

No studies were | ocated regardi ng carci nogenic effects in humans
foll owi ng oral exposure to chl orodi bronmonet hane or bronbform There are
a nunber of epidem ol ogical studies that indicate there may be an
associ ati on between chronic ingestion of chlorinated drinking water
(whi ch typically contains chl orodi brononet hane and bronof orm) and
i ncreased risk of rectal, bladder, or colon cancer in humans (Cantor
et al. 1987; Crunp 1983; Kanarek and Young 1982; Marienfeld et al
1986), but these studies cannot provide information on whether any
ef fects observed are due to chl orodi brononet hane, bronmoform or to one
or nore of the hundreds of other byproducts that are also present in
chl ori nated water

Chronic oral studies in animals indicate that both
chl or odi br omonet hane and br onof orm have carci nogenic effects. The key
findings are summarized in Table 2-3. Chronic exposure to
chl or odi bromonet hane resulted in an increased incidence of liver tunors
(adenomas or carcinomas) in mce (but not in rats) (NTP 1985), and
br onof orm caused an i ncreased frequency of neoplasns of the |arge
i ntestine (adenomat ous pol yps or adenocarcinomas) in rats (but not in
m ce) (NTP 1988). Even though the absol ute incidence of intestinal
neopl asns in bronmoformtreated rats was relatively low, the data
constitute clear evidence for the tunorigenicity of bronoform since
these lesions are rare in control animals. For chlorodibrononet hane, the
evidence is nmore linmted, but the data are still indicative of
car ci nogeni c potenti al

The mechani sm of carci nogenicity of chl orodi brononet hane,
br omof orm and other related trihal omet hanes (THVs) such as
br onodi chl or onet hane and chl oroformis not known, but mght be rel ated
to the netabolic generation of a reactive dihal ocarbonyl internediate
(see Section 2.3). If so, the differences noted between tissues, sexes,
and speci es regarding the carcinogenic effect of any given THM coul d be
related to differences in the rate of generation of this internediate.
Li kewi se, differences in potency and specificity between different THVs
could be related not only to the relative rate of nmetabolismto the
di hal ocarbonyl, but also to the reactivity of the resulting



TABLE 2-3.

Summary of Lifetime Carcinogenicity Biocassay Findings

Chemical Test Tissues with Statistical Level of
(Reference) Species Sex Increased Tumors Tumor Type(s) Significance Evidence Category?®
Chlorodibromomethane Rat M None - -- No evidence
(NTP 1985)
F None - - No evidence
Mouse M Liver Adenoma NS
Carcinoma 0.030 Equivical evidence
Adenoma or Carcinoma 0.065
F Liver Adenoma 0.016
Carcinoma 0.258 Some evidence
Adenoma or Carcinoma 0.004
Bromoform Rat M Large Adenomatous polyps NS
(NTP 1988) Intestine Adenocarcinoma NS Some evidence
Polyps or Adenocarcinoma 0.028
F Large Adenomatous polyps 0.015
Intestine Adenocarcinoma NS Clear evidence
Polyps or adenocarcinoma 0.004
Mouse M None -- -- No evidence
F None -- -- No evidence

3These are specific level-of-evidence categories assigned by NTP.

full description of the meaning of these categories.

M = male; F = female; NS

= Not statistically significant (P>0.05 by life-table test or logistic regression test).

Refer to the source documents (NTP 1985 or NTP 1988) for a

2
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di hal ocarbonyl . The apparent carcinogenic potency in the |iver appears
to be inversely related to the chenical reactivity of the dihal ocarbonyl
(NTP 1988). That is, THMs such as chl orof orm and br onodi chl or onet hane
whi ch generate dichlorocarbonyl (the |east chemically reactive) are nore
potent than THVs such as iodoform or bronoform which generate the nore
reactive diiodocarbonyl or dibronocarbonyl groups. This may be because
the nost highly reactive di hal ocarbonyls are nore readily destroyed by
reaction with glutathione, while the | ess reactive species are nore
likely to diffuse into the nucleus and react with DNA before they are
destroyed (NTP 1988).

2.2.3 Dermal Exposure
No studies were | ocated regarding the followi ng health effects in
humans or aninals after dernmal exposure to chl orodi bronmonet hane or
br onof orm
2.2.3.1 Death
.2 Systenic Effects
.3 I mmunol ogi cal Effects
Neur ol ogi cal Effects

Devel opnental Effects

Repr oductive Effects

N o o b~

Cenot oxi c Effects

W oW oW oW W W W

. 8 Cancer
TOXI COKI NETI CS
.1 Absorption

NNN NN NN N NN
W W W NNNNNNN

1.1 I nhal ati on Exposure

No studies were | ocated regarding the rate or the extent of
chl or odi br ononet hane or br onof or m absorption in hunans or animals
foll owi ng i nhal ati on exposure. Based on the physical -chem cal
properties of these compounds, and by anal ogy with other rel ated
hal omret hanes such as chl orof orm (ATSDR 1989a), it is expected that bot
chl or odi br ononet hane and br onof orm woul d be wel | - absor bed across the
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I ung. The occurrence of system c and neurol ogi cal effects follow ng
i nhal ati on exposure of aninals to bronmoform (see Section 2.2.1) supports
this view

2.3.1.2 Oal Exposure

Only one study was | ocated which provides quantitative data on
gastroi ntestinal absorption of chlorodi bronmonet hane and bronoform M nk
et al. (1986) found that 60%to 90% of single oral doses of these
conpounds given in corn oil to rats or mice were recovered in expired
air, urine, or in internal organs. This indicates that gastrointestina
absorption was at | east 60%to 90% conplete. This is consistent with
t he ready gastroi ntestinal absorption observed for other hal onet hanes
such as chl oroform (ATSDR 1989a) or carbon tetrachloride (ATSDR 1989b).
As noted by Wthey et al. (1983), the rate of hal ocarbon uptake fromthe
gastrointestinal tract may be sl ower when conpounds are given in oi
t han when they are given in water.

2.3.1.3 Dermal Exposure

No studies were | ocated regardi ng dernmal absorption of
chl or odi br onorret hane or bronof ormin humans or ani mals. The dermal
perneability constant for chloroformin agueous sol ution has been
estimated to be 0.125 cnml hr (Beech 1980). Assuning that
chl or odi br omonet hane and bronof orm have sinilar perneability constants,
flux rates of around 10 ng/cnf/hr coul d occur during dernmal contact with

wat er containing 100 ug/L of these chem cals (Beech 1980).
2.3.2 Distribution
2.3.2.1 Inhal ati on Exposure

No studies were | ocated regarding the distribution of
chl or odi br omomet hane or bromoformin humans or animals foll ow ng
i nhal ati on exposure. However, adverse effects involving several organs
(l'iver, kidney, central nervous systen) indicates distribution to these
sites.

2.3.2.2 Oral Exposure

The distribution of chlorodi brononethane and bromoformin tissues

foll owi ng oral exposure has not been thoroughly investigated. Analysis
of bromoformlevels in the organs of a child who died after an

acci dental overdose reveal ed concentrations of 10 to 40 ng bronof orm
per kg tissue in intestine, liver, kidney, and brain, with somewhat

hi gher levels in lung (90 ng/kg) and stomach (130 ng/kg) (Roth 1904, as
cited in von QCettingen 1955). This suggests that brombformis
distributed fairly evenly fromthe stonach to other tissues.
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In animals, Mnk et al. (1986) found that only about 1 to 2% of a
single oral dose of "G labeled chlorodi bromonet hane or bronof or m was
retained in the soft tissues of rats eight hours after dosing. The
ti ssues which contai ned nmeasurabl e anmounts of the radiol abel were the
brai n, kidney, liver, lungs, muscle, pancreas, stomach (excluding
contents), thynus, and urinary bl adder. The relative anount of
radi ol abel in each tissue was not nmentioned. Simlar results were noted
in mce, except that blood also contained a significant fraction of the
total dose (10%in the case of bromoform. The chemical formof the
material in the tissues (parent, netabolite, or adduct) was not
reported. The formin blood al so was not deternined, but studies by
Anders et al. (1978) suggest that sonme or all may have been carbon
nonoxi de bound to henogl obin (see Section 2.3.3).

2.3.2.3 Dermal Exposure

No studies were | ocated regarding the distribution of
chl or odi bromonet hane or bromoformin humans or aninmals follow ng dernal
exposure.

2.3.3 Metabolism

The net abol i sm of chl orodi bromonet hane, bronoform and ot her THVs
has been investigated by Anders and col | eagues (Ahned et al. 1977,
Anders et al. 1978; Stevens and Anders 1979, 1981). The nmin reactions,
whi ch are not believed to be route-dependent, are shown in Figure 2-3.

The first step in the netabolismof THVs is oxidation by the
cytochrome P-450 m xed function oxi dase systemof liver. This has been
denonstrated in vitro using isolated rat |[iver mcrosones (Ahnmed et al
1977), and in vivo, where the rate of netabolismis increased by
cytochronme P-450 inducers (phenobarbital) and decreased by cytochrone
P- 450 i nhi bitors (SKF-525A) (Anders et al. 1978). The product of this
reaction is presunmed to be trihal onethanol, which then deconposes by
| oss of hydrogen and halide ions to yield the dihal ocarbonyl. Al though
this internediate has not been isolated, its formati on has been inferred
by detection of 2-oxothiazolidine-4-carboxylic acid (QZT) in an in vitro
m crosomal system netabolizing bronmoformin the presence of cysteine
(Stevens and Anders 1979). The di hal ocarbonyl nol ecul e (an anal ogue of
phosgene) is highly reactive, and nmay undergo a nunber of reactions,
including: (a) direct reaction with cellular nucleophiles to yield
coval ent adducts; (b) reaction with two noles of glutathione (GSH) to
yi el d carbon nonoxi de and oxi di zed gl utathione (GSSG; and (c)
hydrolysis to yield CQ

The amount of THM net abol i zed by each of these pathways has not
been studied in detail, but it appears that conversion to CO is the
mai n route. However, this depends on the species, the THM bei ng
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net abol i zed, and nmetabolic conditions (cellular glutathione |evels).
Mnk et al. (1986) found that mice oxidized 72% of an oral dose of
chl or odi br ononet hane and 40% of an oral dose of bromoformto CO. In
contrast, rats oxidized only 18% of chl orodi br ononet hane and 4% of
bromoformto CQO.

The fraction of the dose converted to carbon nonoxi de has not been
quantified, but dramatically increased |evels of carboxyhenogl obin have
been reported follow ng oral exposure of rats to bronoform (Anders

et al. 1978; Stevens and Anders 1981). Mnk et al. (1986) reported
about 10% of a dose of brompformwas present in blood in nice; the form
of the | abel was not investigated, but it may have been

car boxyhenogl obi n.

Met abol i sm of THMs by cytochronme P-450 can also lead to the
production of highly reactive trihalomethyl free radicals, especially
under hypoxic conditions (O Brien 1988). Radical formation from
br onof or m has been observed both in isolated hepatocytes incubated with
bromoformin vitro and in the liver of rats exposed to bromoformin vivo
(Tomasi et al. 1985). Although it has not been studied, it seens |ikely
that this pathway woul d al so generate trihalonethyl radicals from
chl or odi br onoret hane.

Wi le nmetabolismto free radicals is a mnor pathway in the sense
that only a small fraction of the total dose is converted, it mght be
an inportant conponent of the toxic and carcinogeni c mechani sm of
chl or odi br onmonet hane and bronoform Figure 2-4 shows how free radica
generation can lead to an autocatal ytic peroxidation of polyunsaturated
fatty acids (PLJFAs) in cellular phospholipids (O Brien 1988).

Per oxi dation of cellular |ipids has been observed in rat kidney slices

i ncubated with bronoformin vitro, although Iipid peroxidation was not
detectable in liver slices (Fraga et al. 1987). Lipid peroxidation is
considered to be a likely cause of cell injury for other hal ogenated
conmpounds such as Ccl, (ATSDR 1989b), but the significance of this
pathway in the toxicity of chlorodibronmonmet hane and bronoformrenains to
be det erm ned.

2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure
No studies were | ocated regardi ng excretion of

chl or odi br ononet hane or bronmof orm by humans or aninmals follow ng
i nhal ati on exposure.
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2.3.4.2 Oral Exposure

In rats and mce given a single oral dose of “C-I|abeled
chl or odi br omonet hane or bronoform excretion occurred primarily by
exhal ati on of parent THMor of CO (Mnk et al. 1986). The tota
fraction of the adm ni stered dose excreted through the |ungs ranged from
45%to 84% nostly as CO in nmice and nostly as the parent THMin rats.
Only 1% to 5% of the dose was excreted in urine (the chemcal formin
urine was not determned). Excretion was nearly conplete within 8 hours
in all cases, indicating that there is a relatively rapid clearance of
the volatile species. However, significant levels (1 to 12% of the
14C- |l abel remained in tissues after 8 hours. The chemical form was not
determ ned, but this might be due to stable coval ent adducts forned from
reactive nmetabolic internediates (see Section 2.3.3).

2.3.4.3 Dermal Exposure

No studies were | ocated regardi ng excretion of
chl or odi br omonet hane or bronmoform by humans or aninmals follow ng dernal
exposure.

2.4 RELEVANCE TO PUBLI C HEALTH

Studies in aninmals, conbined with |imted observations in humans,
i ndicate that the principal adverse health effects associated with
short-terminhal ation or oral exposure to high |evels of
chl or odi bromonet hane or bronmoform are central nervous system depression
liver injury, and kidney injury. Simlar effects m ght be expected
foll owi ng dermal exposure to concentrated |iquid chlorodi brononet hane or
bronmof orm but this has not been studi ed. Because chl orodi brononet hane
and bronof orm have very | ow producti on and use (see Chapter 4), doses
needed to cause these effects are not likely to be encountered by the
average person. However, nany people are exposed to | ow | evel s of
chl or odi br onorret hane and bronmoformin chlorinated water used for
dri nki ng, bathing, or swi nmming, and studies in aninmals indicate that
chroni c exposure to these chemcals may lead to increased risk of
cancer. These effects and others of possible concern are discussed in
greater detail bel ow.

Deat h. Acci dental overdoses of bronpform associated with the past
use of bronoformas a sedative for whoopi ng cough resulted in the death
of a nunber of children in the early part of this century (Dwnelle 1903;
Kobert 1906; Roth 1904). The cause of death in these cases was usually
mar ked depression of the central nervous system acconpani ed by
respiratory or cardi ovascul ar col |l apse. The amount of bronoform needed
to cause death in humans is not known with certainty, but is probably
about 300 ng/ kg (Dwelle 1903; Roth 1904). No cases of human death from
chl or odi br onroret hane are known, but studies in animals indicate that
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chl or odi br omonet hane and br onof orm have roughly simlar toxicity. On
this basis, it seenms likely that a simlar acute dose of

chl or odi bromonet hane (i.e. around 300 ng/kg) could al so cause death in
humans. Qpportunities for exposure to |lethal doses of either chenica
are now renote.

System c Effects. The chief systenmic effects recognized foll owi ng
exposure to chl orodi brononet hane or bronoformare injury to the liver
and the kidneys. These effects have been investigated nostly in animals
exposed by the oral route, but there is limted data indicating that
simlar effects occur follow ng inhalati on exposure as well.

Typical effects in liver include increased |iver weight,
vacuol i zati on, and fat accunul ation. Effects in kidney are usually
characterized by tubul ar degeneration and mineralization, leading to
nephrosi s and decreased renal function

Oral dose levels leading to renal and hepatic effects in aninmals
vary somewhat between chl orodi bronmonet hane and bronoform and al so
bet ween speci es and sexes. |In general, renal and hepatic effects are
not apparent bel ow doses of about 30 to 50 ng/kg/day, are rather nmild at
doses of 50 to 200 ng/kg/ day, and are not nmarked until doses reach
250 ny/ kg/ day. Although data on hepat ot oxi ¢ and nephrotoxic doses in
humans are not available, it is reasonable to assunme that the
doseresponse relation in humans is roughly simlar to that in aninmals.

O her systemc effects of chlorodi bronmonet hane or bronof or m appear
to be mnor or absent. No direct effects of oral exposure of animals to
chl or odi br ononet hane or br onof orm have been noted for the respiratory,
car di ovascul ar, hematol ogi cal or nuscul oskel etal systens, or on the skin
or eyes. Some gastrointestinal effects (stomach nodul es and ul cers)
have been noted in rats, but these are probably due to a direct irritant
action on the stonmach, and are not likely to be of concern except at
hi gh doses that al so produce hepatic and renal |esions.

| mmunol ogi cal Effects. Only one study (Minson et al. 1982) has
i nvestigated the effects of chlorodi brononet hane and bronoformon the
i mune system but the findings of this study indicate that short-term
oral exposure of mce to doses of 125 ny/kg/day or higher can produce
significant changes in both the hunoral and cell-nedi ated i nmune
systenms. It is difficult to judge whether these changes are acconpani ed
by a significant inpairnent in the overall functioning of the immune
system al though data from one study (NTP 1988) indicated that chronic
exposure to bronoform m ght decrease resistance to viral infection. The
ef fect of chl orodi brononet hane and bronof orm on the i mune system of
humans has not been studi ed, but the data of Miunson et al. (1982)
indicate that this is an effect of potential concern
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Neur ol ogi cal Effects. Animal studies indicate that both
chl or odi br onronet hane and br onof or m possess anesthetic properties, and
br omof orm was previously used as a sedative in the treatnment of whooping
cough in children. In children, oral doses of around 15 ny/ kg/day of
bronof orm typically produced only nild sleepiness, while doses of
150 ng/ kg sonetimes produced stupor or deep narcosis, usually
acconpani ed by depressed respiration and erratic heartbeat. Airborne
concentrations of bronoformleading to nervous system depression in
humans are not known, but brief exposures of animals to high

concentrations (229,000 ppn) | eads to deep sedation within mnutes (Sax
1984). These depressant effects on the nervous system appear to be

fully reversible both in aninmals and humans, but it is difficult to rule
out the possibility of subtle but enduring neurol ogi cal changes

foll owi ng narcoti zi ng doses.

Devel opnental Effects. Studies in animals indicate that neither
chl or odi br onroret hane nor br onof orm have significant fetotoxicity or
teratogenicity in animls exposed to oral doses up to 200 ng/kg/ day,
al t hough sone ninor skeletal anomalies were noted at doses of 100 or
200 ny/ kg/ day (Ruddick et al. 1983). No studies of devel opnmenta
effects in humans have been perforned, but the aninmal data suggest that
effects of this sort are not likely to be of concern at the levels
typically encountered in the environment.

Reproductive Effects. Studies in aninmals indicate that ora
exposure to either chlorodi bronomet hane or bronof orm does not result in
significant danage to reproductive organs in males or fenales (NTP 1985,
1988, 1989). Continuous exposure of mce to high doses of
chl or odi bromoret hane in water caused a marked reduction in fertility
(Borzel l eca and Carchman 1982), but this was probably due to narked
maternal toxicity. Lower doses (those that did not produce maternal
toxicity) did not result in significant inpairment of reproduction
Wil e the effects of chlorodi brononet hane or bronoform on reproduction
have not been studied in hunmans, the data from ani mal studi es suggest
that this is not likely to be major concern at typical human exposure
| evel s.

CGenotoxic Effects. The genotoxicity of chlorodi brononet hane and
br omof orm has been investigated in a nunber of studies, both in vitro
(Tables 2-4 and 2-5) and in vivo (Table 2-6). The results of these
studies are generally nixed and are occasionally inconsistent, perhaps
because of variations in the efficiency of extrinsic or intrinsic
net abol i ¢ activation of the parent conpounds under test conditions.
Still, a number of studies found evidence for both nutagenic and
cytogenetic effects by both chl orodi bronmonet hane and bronof orm The



TABLE 2-4. Genotoxicity of Bromoform In Vitro

Results
With Without
End Point Species (Test System) Strain Activation Activation Reference
Prokaryotic organisms:
Gene mutation Salmonella typhimurium TA100 No data + Simmon et al. 1977
(desiccator system) TA1535 No data +
S. typhimurium TA98 - - Varma et al. 1988
(plate incorporation TA100 - (+)
assay) TA1535 - -
TA1537 B -
TA100 No data - Rapson et al. 1980
S. typhimurium TA97 +) - NTP 1988
(preincubation procedure) TA98 -, -, (P = =
TA100 - =, - +), -
TA1535 -, -, - -, -,
TA1537 -, -, - -, -,
Eukaryotic organisms:
Fish:
Sister-chromatid Oyster toadfish leukocytes No data - Maddock and
exchange Kelly 1980
Mammalian cells:
Sister-chromatid Chinese hamster ovary cells CHO-W-B1 -, - -, (+) Galloway
exchange et al. 1985
Human lymphocytes No data + Morimoto and
Koizumi 1983
Chromosomal Chinese hamster ovary cells CHO-W-B1 -, - -, (#) Galloway
aberrations et al. 1985
Trifluorothymidine Mouse lymphoma cells L1578Y + + NTP 1988
resistance

+ = positive result; -

laboratories are separated by commas.

negative result; (+) = marginally positive result.

Results from two or more different contract
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TABLE 2-5. Genotoxicity of Chlorodibromomethane In Vitro

Results

With Without
End Point Species (Test System) Strain Activation Activation Reference

Prokaryotic organisms:

Gene mutation Salmonella typhimurium TA100 No data + Simmon et al. 1977
(desiccator system)

S. typhimurium TA98 + - Varma et al. 1988
(plate incorporation TA100 + -
assay) TA1535 + +
TA1537 + +
S. typhimurium TA98 - - Zeiger et al. 1987
(preincubation TA100 - -
assay) TA1535 - -
TA1537 - -
Eukaryotic organisms:
Fungi:
Gene conversion Saccharomyces cerevisiae D7 - + Nestman and Lee 1985
Gene reversion S. cerevisiae XV185-14C - - Nestman and Lee 1985
Mammalian cells:
Sister~chromatid Human lymphocytes No data + Morimoto and
exchange Koizumi 1983
Human lymphocytes CCRF-CEM No data + Sobti 1984
Rat liver cells RL, No data (+) Sobti 1984
Chinese hamster ovary cell - + NTP 1988
Chromosomal
aberrations Chinese hamster ovary cell NTP 1988

+ = positive result; - = negative result; (+) = marginally positive result.
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TABLE 2-6. Genotoxicity of Chlorodibromomethane and Bromoform In Vivo

Exposure
Chemical End Point Species (Test System) Route Results Reference
Chlorodibromomethane: Mammalian systems:
Sister chromatid exchange Mouse (bone marrow cell) PO + Morimoto and Koizumi 1983
Mouse (bone marrow cell) Ip - NTP 1988
Chromosomal aberrations Mouse (bone marrow cell) Ip - NTP 1988
Bromoform Nonmammaliam systems:
Sex-linked recessive lethal Drosophila melanogaster Feeding + Woodruff et al. 1985
Injection - Woodruff et al. 1985
Reciprocal translocation Drosophila melanogaster Feeding - Woodruff et al. 1985
Mammaliam systems:
Sister chromatid exchange Mouse (bone marrow cell) IP + NTP 1988
Mouse (bone marrow cell) PO + Morimoto and Koizumi 1983
Chromosomal aberrations Mouse (bone marrow cell) Ip - NTP 1988
Micronucleus test Mouse (bone marrow cell) Ip + NTP 1988

PO = oral; IP = intraperitoneal; + = positive result; - =

negative result.

'
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significance of these data are difficult to interpret with respect to
human health risk, except that positive genotoxicity findings are
consistent with a carcinogenic potential for these chem cals.

Cancer. Studies in aninmals indicate that both chl orodi brononet hane
and br onof orm have carci nogeni c potential. Chlorodi brononet hane was
found to increase the incidence of liver tunors (adenonmas and/or
carci nomas) in mice (NTP 1985), and bronoformwas found to increase the
frequency of intestinal tunors (adenomatous pol yps and adenocar ci nomas)
in rats (NTP 1988). These findings are of special concern since many
peopl e are chronically exposed to | ow | evels of these chenicals in
chlorinated drinking water, and some epi demi ol ogi cal studi es suggest
t hat consunption of chlorinated drinking water may increase risk of
cancer of the stomach, rectum colon, and bl adder (Cantor et al. 1987,
Crunp 1983; Kanarek and Young 1982; Marienfeld et al. 1986).

On the other hand, it should be noted that nost of the
car ci nogeni c responses in rats and m ce exposed to chl orodi br ononet hane
and bronoformwere rather small, and that the weight of evidence for
carci nogenicity was considered to be clear in only one case (intestina
tumors in female rats given bronoform. Also, the weight of
epi dem ol ogi cal evidence for an associ ati on between ingestion of
chlorinated water and increased cancer risk is not definitive (Cantor
1983; Crunp 1983), and such an association (even if it were definitive)
cannot provide direct evidence that either chlorodi brononet hane or
bronoformis carcinogenic in humans, since chlorinated water contains
hundreds of other chenicals besides chl orodi brononet hane and br onmof or m
Consequently, while exposure to |ow | evel s of chl orodi brononet hane or
bronoformin drinking water or fromany other source is cause for
concern, the relative contribution of these chemicals to human cancer
risk remains to be resol ved

2.5 Bl OVARKERS OF EXPCSURE AND EFFECT

Bi omar kers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as markers of
exposure, markers of effect, and narkers of susceptibility (NAS/ NRC
1989).

A bi omarker of exposure is a xenobiotic substance or its
nmet abolite(s) or the product of an interaction between a xenobiotic
agent and sone target nolecule or cell that is nmeasured within a
conpartnent of an organi sm (NAS/ NRC 1989). The preferred bi omarkers of
exposure are generally the substance itself or substance-specific
nmetabolites in readily obtai nable body fluid or excreta. However,
several factors can confound the use and interpretation of bionmarkers of
exposure. The body burden of a substance may be the result of exposures
fromnore than one source. The substance being nmeasured nay be a
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net abol ite of another xenobiotic (e.g., high urinary levels of pheno

can result from exposure to several different aronmatic conpounds).
Dependi ng on the properties of the substance (e.g., biologic half-life)
and environmental conditions (e.g., duration and route of exposure), the
substance and all of its netabolites nay have left the body by the tine
bi ol ogi ¢ sanples can be taken. It may be difficult to identify

i ndi vidual s exposed to hazardous substances that are commonly found in
body tissues and fluids (e.g., essential mneral nutrients such as
copper, zinc and selenium. Bi omarkers of exposure to

chl or odi br ononet hane and bronof orm are di scussed in Section 2.5. 1.

Bi omar kers of effect are defined as any neasurabl e bi ochem cal
physi ol ogic, or other alteration within an organismthat, depending on
magni t ude, can be recogni zed as an established or potential health
i mpai rment or di sease (NAS/NRC 1989). This definition enconpasses
bi ochemi cal or cellular signals of tissue dysfunction (e.g., increased
liver enzyme activity or pathologic changes in female genital epithelia
cells), as well as physiologic signs of dysfunction such as increased
bl ood pressure or decreased |ung capacity. Note that these markers are
of ten not substance specific. They also may not be directly adverse,
but can indicate potential health inpairnment (e.g., DNA adducts).

Bi omar kers of effects caused by chl orodi bronmonet hane and br onof orm are
di scussed in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or
acquired limtation of an organism s ability to respond to the chall enge
of exposure to a specific xenobiotic. It can be an intrinsic genetic or
other characteristic or a preexisting disease that results in an
i ncrease in absorbed dose, biologically effective dose, or target tissue
response. |If biomarkers of susceptibility exist, they are discussed in
Section 2.7, "POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Biomarkers Used to ldentify or Quantify Exposure to
Chl or odi br omonet hane and Br onof or m

The nost straightforward nmeans of identifying exposure to
chl or odi bronmonet hane or bromoformin a person is neasurenent of parent
conpound in blood or expired air. Sensitive and specific gas
chr omat ogr aphi c- mass spectrophotonetric nethods available for this
purpose are described in Section 6.1. Quantification of exposure is
conplicated by the relatively rapid clearance rate of these conpounds
fromthe body, both by exhal ati on and netabolic breakdown. Data are not
avail abl e on clearance rates in hunans, but in aninmals clearance of
parent is nearly conplete within 8 hours (see Section 2.3.4).
Consequently, this approach is best suited for detecting recent
exposures (within 1 to 2 days).
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No data are available on blood or breath |evels of
chl or odi br ononet hane or bronoformin acutely exposed individual s.
Background concentrations in people not exposed to chl orodi brononet hane
or bronoform except through chlorinated drinking water (see
Section 5.4.2) are about 0.6 ppb (Antoine et al. 1986), while levels in
expired breath are undetectable (Wallace et al. 1986a, 1986b). Although
chl or odi br omonet hane and bronoformare |ipophilic, they do not appear to
accunul ate in adi pose tissue (Stanley 1986), so neasurenment of parent
levels in this tissue is not likely to be valuable as a biomarker of
exposure.

The principal netabolites of chlorodi brononet hane and bronof orm
are CO, CO O and Br . None of these netabolites are sufficiently
specific to be useful as a bi omarker of exposure. It is suspected that
reactive internedi ates forned during netabolismnmay produce coval ent
adducts with proteins or other cellular macronol ecul es (see
Section 2.3.3), but these putative adducts have not been identified nor
has any neans for their quantification been devel oped.

2.5.2 Biomarkers Used to Characterize Effects Caused by
Chl or odi br ononet hane and Bronbf or m

The nost sensitive clinical sign of exposure to bromoformin
humans appears to be sedation, and it is likely the sane is true for
chl or odi br omonet hane. However, generalized central nervous system
depression is too nonspecific to be useful as a bionmarker of effects
fromlowlevel exposure to chl orodi brononet hane or bronpform Studies
in aninmals indicate the liver and the kidneys are al so affected,
resulting in fatty liver, increased serumenzyne |evels, and nephrosis.
Effects on liver and kidney can be evaluated using a variety of
| aboratory and clinical tests (CDC/ ATSDR 1990), but these are also too
PonsFecific to be valuable in recognizing early effects caused by | ow

eve
exposure to these two chem cal s.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

It is well-known that exposure to al cohols, ketones, and a variety
of other substances can dramatically increase the acute toxicity of
hal omret hanes such as carbon tetrachl oride (ATSDR 1989b) and chl orof orm
(ATSDR 1989a). Several studies have been performed to determine if the
toxic effects of chlorodi brononet hane and bronoformare simlarly
af fected by these agents.

Hewitt et al. (1983) found that pretreatnment of rats with a single
oral dose of acetone resulted in a |0- to 40-fold potentiation of the
hepatotoxi c effects of a single oral dose of chlorodibrononet hane gi ven
18 hours later. Sinmlarly, pretreatment of rats for one to three days
wi th chl ordecone resulted in a 7- to 60-fold potentiation of the
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hepatotoxic effects of a single oral dose of chlorodibronmonet hane (Pl aa
and Hewitt 1982a, 1982b). In contrast, chlordecone pretreatnent had
relatively little potentiating effect on the hepatotoxicity of bronoform
(Agarwal and Mehendal e 1983; Plaa and Hewitt 1982a).

The mechani sm by which chem cals such as acetone and chl ordecone
potenti ate hal onethane toxicity is not known, but it is generally
consi dered that at |east sone of the effect is due to stimulation of
net abol i ¢ pathways that yield toxic internediates. If so, the findings
above support the hypothesis that the toxicity of chlorodi brononet hane
is nmediated at least in part by netabolic generation of reactive
i nternedi ates, but that netabolismis relatively less inportant in
bronmoformtoxicity.

Harris et al. (1982) found that exposure of rats to a conbination
of bronoform and carbon tetrachloride resulted in nore liver injury
(judged by rel ease of hepatic enzynes into serun) than woul d be
predicted by the effects of each chem cal acting al one. The nechani sm
of this interaction is not certain, but may be related to dihal ocarbonyl
formation and |ipid peroxidation (Harris et al. 1982).

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

St udi es of chl orodi bronoret hane and bronoformtoxicity in aninmals
reveal that there nay be sonme quantitative and qualitative differences
in susceptibility between sexes and between species (see Section 2.2).
The basis for these differences is not known, but one likely factor is
sex and speci es-dependent differences in netabolism (see Section 2.3.3).
On this basis, it Is reasonable to assune that there coul d be some
di fferences in susceptibility between humans as a function of sex, race,
or age. However, there are no studies that provide data on this point.
Studies in animals (discussed in Section 2.6) al so suggest that humans
exposed to al cohols, ketones, or other drugs (e.g., barbiturates,
anti coagul ants) that influence hal onet hane netabolism m ght be nore
susceptible to the toxic effect of chlorodi brononet hane and per haps
bromoform as well. Persons with existing renal or hepatic disease mi ght
al so be nore susceptible, since these organs are adversely affected by
exposure to chl orodi br ononet hane and bronof orm

2.8 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Adm nistrator of ATSDR
(inconsultation with the Administrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate infornmation on
the health effects of chlorodi bronomet hane and bronoformis avail abl e.
Where adequate information is not available, ATSDR, in conjunction with
the National Toxicology Program (NTP), is required to assure the
initiation of a program of research designed to deternine the health
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effects (and techni ques for devel opi ng net hods to deternine such health
ef fects) of chlorodi brononet hane and bronof orm

The foll owi ng categories of possible data needs have been
identified by a joint teamof scientists fromATSDR, NTP, and EPA. They
are defined as substance-specific informational needs that, if nmet would
reduce or elimnate the uncertainties of human health assessnent. In
the future, the identified data needs will be evaluated and prioritized,
and a substance-specific research agenda will be proposed.

2.8.1 Existing Information on the Health Effects of
Chl or odi br ononet hane and Br onpf or m

The existing data on health effects of inhalation, oral, and
dermal exposure of humans and aninals to chl orodi br ononet hane and
bronof orm are summari zed in Figures 2-5 and 2-6, respectively. The
purpose of these figures is to illustrate the existing information
concerning the health effects of chlorodi brononet hane and bronof orm
Each dot in the figure indicates that one or nore studi es provide
i nformati on associated with that particular effect. The dot does not
i mply anything about the quality of the study or studies. Gaps in this
figure should not be interpreted as "data needs" information.

As shown in Figure 2-5, the toxicity of chlorodi brononet hane has
been reasonably well studied in animals exposed by the oral route, but
there are no data in aninmals on inhalation or dermal toxicity, and there
are no data in humans by any route. As shown in Figure 2-6, the ora
toxicity of bronmoformin aninmals has al so been well studied. In
addition, because of its use as an oral sedative in the early part of
this century, there are sonme hunman data on the depressant effect of
br onmof orm on t he nervous systemand on | ethal doses, and there are al so
a few inhalation studies in animals. The dermal toxicity of bronoform
has not been studi ed.

2.8.2 ldentification of Data Needs

Acut e-Durati on Exposure. Limted data from humans indi cate that
one of the primary acute effects of ingestion of bromoformis sedation
This is supported by studies in aninmals, where both chl orodi brononet hane
and br onof orm produced central nervous system depression follow ng ora
or inhal ation exposure. Studies in aninals indicate that hepatic and
renal injury may also occur followi ng acute oral or inhalation exposure,
and these effects occur at | ower doses than nmeasurabl e central nervous
system depression. Inhalation data are too sparse to define the
threshold for these effects, but oral data are nore extensive and do
permt derivation of an acute MRL. Conparable data on hepatic or rena
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injury in humans are not avail able, but there is no evidence to suggest
the sane effects would not occur in humans. Additional studies on the
short-termtoxicity of chlorodi bronmonet hane and br onof orm woul d be
valuable to further clarify the relative sensitivity of the nervous
system the liver, and the kidneys, and to define inhalation as well as
oral dose-response curves nore precisely. These data woul d be hel pfu
since humans may be exposed to chl orodi brononet hane and bronmoformin air
or water for brief periods following spills or releases at hazardous
waste sites.

No data are available in humans or animals follow ng derma
exposure to chl orodi brononet hane or bronmbform Contact with
concentrated solutions of these chemicals might be expected to produce
effects simlar to those follow ng ingestion or inhalation, and m ght
also result in skin or eye irritation. Studies on this would be useful
al t hough contact with concentrated chl orodi brononet hane or bromoformis
consi dered extremely unlikely for nenbers of the general population or
residents near waste sites. Studies on the effects of dermal contact
with | ower |evels of the conpounds in water or soil would be val uabl e,
since people mght be exposed by these routes near waste sites.

I nt er nedi at e- Durati on Exposure. The effects of
i nt ernedi at eduration oral exposure of animals to chlorodi brononet hane
and bronof orm have been investigated in a nunber of studies, and the
dose-response relation for the principal adverse effects (hepatic and
renal toxicity) is fairly well defined. The data suggest the threshold
for internedi ate-duration renal and hepatic effects is simlar to that
for chronic exposure (see below), so an internediate oral MRL has not
been derived. Linmted data indicate that internedi ate-duration
i nhal ati on exposure to bronoformalso |l eads to renal and hepatic injury
in aninmals, but the data are too sparse to derive a reliable inhalation
MRL. No internedi ate-duration inhal ati on exposure data are available for
chl or odi br onmoet hane. Further studies on the intermedi ate-duration
i nhal ation toxicity of these conpounds woul d be val uable in assessing
human health risks from airborne exposures near waste sites, although
avai | abl e data suggest exposures in air near such sites are likely to be
| ow. As noted above, there are no data on dernmal exposure, and studies
on intermnedi ate-duration dermal exposure to the conmpounds in water or
soil would be useful in evaluating human health risk at waste sites.

Chroni c-Durati on Exposure and Cancer. The chronic oral toxicity of
chl or odi br ononet hane and br onof orm has been investigated in severa
studies, and the data are sufficient to identify hepatotoxicity as the
nost sensitive end point and to derive MRL values for both chem cals.
However, in both cases, chronic oral MRLs are based on LQAELs for
hepatotoxicity, so further studies to define the NOAELs woul d be hel pfu
in reducing uncertainty in the MRL cal cul ations. Chronic inhalation
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data are not available for either chemical, and would be useful,
especially for chlorodi brononet hane, since it is significantly nore
vol atil e (vapor pressure = 76 nmHg) than bronoform (vapor pressure =
5mHg). I n the absence of such data, extrapol ati on of observations
fromthe oral route might be possible using appropriate toxicokinetic
nodel s. As noted above, no data exist for dermal exposure, and further
studi es (focusing on exposure in water or soil) would be val uabl e.

The carci nogenic effects of chronic oral exposure to
chl or odi br omonet hane and br onof orm have been investigated in well designed
studies in both rats and nice, and the data suggest that both
chem cal s have carcinogenic potential. However, effects were limted or
equi vocal in sone cases, so additional studies to strengthen the weight
of evidence would be valuable. O particular interest would be studies
of the carcinogenic effects when exposure is via drinking water rather
than by gavage, since drinking water is the nost likely route of hunman
exposure, and exposure by gavage (especially using oil as a mediun may
not be a good nodel for this. Also of value would be studies on the
nmechani sm of carcinogenicity, and the identity of carcinogenic
net abol ites. For exanple, studies on nethylene chloride and ot her
vol atil e hal ocarbons i ndicate that netabolismvia a glutathi one pat hway
may be inportant in carcinogenicity (e.g., Anderson et al. 1987; Reitz
et al. 1989). Studies to determine if chlorodi brononet hane or bronof orm
are netabolized by a simlar pathway woul d be hel pful in evaluating
car ci nogeni ¢ nmechani sm and ri sk.

Genotoxicity. There have been a nunber of studies that indicate
chl or odi br omonet hane and bronof orm are genotoxic, both in prokaryotic
and eukaryotic organi sms. However, a nunber of other studies have
failed to detect significant genotoxic potential for these conpounds.
The basis for this inconsistency is not entirely obvious, but mght be
related to the efficacy of the test systemto activate the parent
conpound to genotoxic netabolites. Further studies to define conditions
under which these conpounds are and are not genotoxic in vitro and
in vivo may help clarify both the mechani sm of genotoxicity and the
rel evance of this to human health risk. Studies on the genotoxic
ef fects of chl orodi bronormet hane and bronoformon germcells (sperm or
ova) woul d al so be val uabl e.

Reproductive Toxicity. No data are avail abl e on reproductive

ef fects of chl orodi brononmet hane or bronoformin hunans. However,

chronic oral studies in rats and nice indicate that reproductive organs
are not targets for either chlorodi bronormet hane (NTP 1985) or bronof orm
(NTP 1988). This is supported by direct studies showi ng no significant
reproductive effects in mce follow ng oral exposure to bromoformfor 2
generations (NTP 1989). However, high doses that produce frank naterna
toxicity may inpair reproductive success (Borzelleca and Carchnman 1982).
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No data are avail able on reproductive effects followi ng inhalation
exposure. Based on the oral studies, it does not seemlikely that

ef fects would occur except at very high levels, but inhalation exposure
studies to confirmthis iInportant point would be val uabl e.

Devel opnental Toxicity. Several studies in animals exposed by the
oral route indicate that neither chlorodi bronmonethane nor bronoform have
mar ked teratogenic potential (Borzelleca and Carchman 1982; Ruddi ck
et al. 1983). However, ingestion of bronbformdid appear to increase
the frequency of several skeletal abnormalities in fetuses. Additiona
oral studies on the devel opnental effects of both bronoform and
chl or odi brononet hane in aninals woul d be val uabl e to determ ne whet her
t hese skel etal abnormalities are produced consistently, and whether they
lead to significant adverse effects in the neonate. If so, then sinilar
studies by the inhalation route would al so be valuable to define safe
i nhal ation | evels for devel opnental effects.

| nmunot oxi city. The inmunotoxic effects of chlorodi bronmonet hane
and bronof orm have been investigated in one 14-day oral study (Minson
et al. 1982). That study indicated both chem cals can | ead to changes
in several immune cell-types in mce. Simlar studies in other species
woul d be valuable in determining if this is a conmon response. In
addi tion, |onger duration studies and tests of the functiona
consequence of these changes (e.g., resistance to infectious disease)
woul d be especially valuable in assessing the biological significance of
these effects. If these studies indicate the i mmune systemis a target,
then simlar studies by inhalation exposure would al so be val uabl e.

Neur ot oxi city. Numerous studies, both in humans and ani mal s,
reveal that central nervous systemdepression is a rapid effect
followi ng either oral or inhalation exposure to bronoform and nore
limted data indicate that chl orodi brononet hane al so causes this effect.
Wil e central nervous system depression appears to be reversible within
a short time after exposure ceases, the possibility of permanent
neur ol ogi cal danage from hi gh doses has not been thoroughly studied.

Hi st ol ogi cal studies by NTP (1985, 1988) indicate that sub-depressant
doses of chl orodi bronmonet hane and bronof orm do not | ead to detectable
hi st ol ogi cal changes in the brain, but simlar data are not avail able
foll owi ng narcotizing doses. In addition to histol ogical studies,
functional studies capable of detecting |asting neurol ogi cal changes
woul d be val uable. One study of this sort (Balster and Borzell eca 1982)
i ndi cates that both chl orodi br ononet hane and bronof orm can cause sone
behavi oral changes at high doses. Further studies along these |ines,
per haps enpl oyi ng nore sensitive tests of el ectrophysiol ogical or

neur obehavi oral changes, would be helpful in determning if this is an
ef fect of concern to exposed humans.
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Epi demi ol ogi cal and Human Dosinmetry Studi es. No epi dem ol ogi cal or
human dosinetry studies are currently avail able for chl orodi br ononet hane
or bromoform Since only very small quantities of these chenicals are
produced or used in this country (see Chapter 4), it does not seem
likely that a sufficiently |large subpopul ation of exposed workers exists
to serve as the basis for a meani ngful epidem ol ogi cal study.

Epi denmi ol ogi cal studi es of popul ati ons exposed to | ow | evel s of

chl or odi br ononet hane and bromoformin chlorinated drinking water cannot
provi de specific data on the human health risks of chl orodi bronomet hane
or bromoform since chlorinated drinking water contains hundreds of

di fferent contam nants.

Bi omar kers of Exposure and Effect. The only known bi omar ker of
exposure to chl orodi brononet hane or bronoformis the | evel of parent
conpound in blood or in expired air. However, data on blood or breath
I evel s in humans foll owi ng acute exposure are |acking, due to the rarity
of such events. Since both chlorodi bronmomet hane and bronoform are
rapidly cleared fromthe body by exhal ati on or netabolism neasurenments
of parent conpounds in blood or breath are likely to be useful only for
a short-time (1-2 days) after an exposure. Mnitoring of hunans
conti nuously exposed to the trace levels normally present in chlorinated
wat er reveal very low to nondetectable levels in blood or expired air.
The main nmetabolites of these conmpounds (CO, CO, C°, Br’) are not
sufficiently specific to be useful for biononitoring of exposure.
Identification of stable and specific biomarkers of exposure (e.g.
hal oret hyl adducts) woul d be valuable in evaluating the exposure history
of people around waste sites and ot her sources where above-average
| evel s mi ght be encountered.

No specific bionmarkers of chl orodi bronmonet hane or bronoform
i nduced effect are known. Neurol ogical, hepatic and renal effects caused
by these chemicals can be detected by standard clinical or biochen ca
tests, but abnormal function in these tissues can be produced by a
nunber of conmon di seases in humans, so detection of abnormal function
is not proof that the effect was caused by chl orodi bronmonet hane or
bronoform Efforts to identify nore specific and sensitive biomarkers
of chl or odi br ononmet hane and br onof or mi nduced effects woul d be useful
especi ally biomarkers (e.g., specific DNA adducts) that m ght be
predictive of carcinogenic risk.

Absorption, Distribution, Metabolism Excretion. Linmted data

i ndi cate that chl orodi brononet hane and bronoformare rapidly and
efficiently taken up fromthe gastrointestinal tract, but further
studies to confirmand refine avail able estimates woul d be val uabl e.

Toxi coki netic studies to date have generally enpl oyed exposure by gavage
in corn oil, so studies involving exposure via an aqueous vehicle would
be especially valuable. No toxicokinetic data exist for inhalation



58
2. HEALTH EFFECTS

exposure, so quantitative estinmates of the inhalation absorption
fraction, tissue distribution, and excretion rate woul d be benefi ci al
Al so, data on dernal absorption would be hel pful, especially from soi
or fromdilute aqueous solutions, since this is how hunans are nost
likely to experience dernmal contact near waste sites.

The pat hways of chl orodi br ononet hane and br onof or m net abol i sm have
been investigated in several |aboratories, but quantitative data on the
amount of chem cal passing through each pathway are limted, and the
chemcal identity of products appearing in urine has not been studied.

O particular interest would be studies which seek to clarify the role
of metabolismin toxicity, the mechani sm by which netabolites and
adducts lead to toxic effects, and the inportance of protective
nmechani snms such as cellular antioxidants. This would include carefu
dose-response studies to determine if either activating or protective
pat hways are saturabl e.

Conparative Toxi cokinetics. Available toxicity data indicate that
target tissues of chlorodi bronmonethane and bronoformare simlar in
humans, rats and mice. Limted data suggest that effect levels are
generally simlar across species, but sone distinctions are apparent.
Toxi coki netic studies have reveal ed differences between rats and mce
regardi ng netabolic patterns and cl earance rates and these m ght
underlie the differences in toxicity between tissues, sexes, and
speci es. Additional conparative studies in animals, wth special
enphasis on differences in netabolism would be useful in understanding
these differences, and in inproving inter-species extrapolation. In
addition, in vitro studies of netabolismby hunman liver cells would be
val uabl e in determ ning which animal species has the nost sinilar
pattern of metabolismand is the nost appropriate nodel for human
toxicity. Data fromstudies of this sort could then be used to support
physi ol ogi cal | y- based t oxi coki netic nodel s.

2.8.3 On-going Studies

Tabl e 2-7 summari zes two on-goi ng research projects on the health
ef fects of chl orodi brononmet hane or bronoform Wen conpl eted, these
studi es may be expected to provide val uabl e new data on several topics,
i ncl udi ng reproductive, devel opnental, and carcinogenic effects of
chl or odi bromonet hane and bronoform 1In addition, the U S. Departnent of
Hurmman Heal th Services is sponsoring an on-going study (the Nationa
Heal th and Nutrition Exam nation Survey) which will provide data on
| evel s of bronoform and chl orodi brononet hane in bl ood of hunans at
numer ous | ocations across the United States.
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TABLE 2-7. Summary of On-going Research on
the Health Effects of Chlorodibromomethane or Bromoform

Principal Spons.
Investigator Affiliation Research Description Agency
H. Lilja Mason Research Subchronic and chronic NIEHS

Inst., Worcester, toxicity and
Massachusetts carcinogenicity of
chlorodibromomethane
in mice and rats,
using various
routes of exposure
Division of Carcinogenicity Government
Toxicology study on of Japan

National Inst.
of Hygienic
Sciences
Tokyo, Japan

chlorodibromomethane
and bromoform

NIEHS = National Institute of Environmental Health Sciences.
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